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(54) ELECTRON TUBE 



(57) In an electron tube 1 , a space S between a pe- 
riphery part 15b of a semiconductor device 15 and a 
stem 11 is filled with an insulating resin 20. The insulat- 
ing resin 20 functions as a reinforcing member while the 
electron tube 1 is assembled under high-temperature 
condition, thereby preventing a bump 16 from coming 
off a bump connection portion 19. Since the space S is 



only partly closed by the resin 20, the space between 
the semiconductor device 15 and the stem 11 is ensured 
a ventilability. That is, no air reservoir is formed between 
an electron incidence part 1 5a at the center of the sem- 
iconductor device 15 and the surface C of the stem 11 , 
whereby air expanding at high temperature does not 
damage the electron incidence part 15a of the back-il- 
luminated semiconductor device 15. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a highly sen- 
sitive electron tube for quantitatively measuring an ex- 
tremely weak light. 

BACKGROUND ART 

[0002] This field of technology is described in Japa- 
nese Patent Publication No. HEI-7-95434, for example. 
An electron tube described . in this publication has a 
package, in which a charge coupled device (CCD) of a 
back-illuminated type is provided. In this type of electron 
tube, electron emitted from a photocathode in response 
to an incidence of light is directed into a back side of a 
device formation surface to detect a signal. This electron 
tube is widely used because of its high sensitivity and 
its high imaging quality. 

[0003] An imaging device employing a back-illuminat- 
ed type semiconductor device is described in Japanese 
unexamined patent application publication No. HEl- 
6-29506. The semiconductor device is fixed on a sub- 
strate whose thermal expansion coefficient is equal to 
that of the semiconductor device. A plurality of metal 
bumps are formed on the semiconductor device, each 
bump being connected to a metal wiring formed on the 
substrate (silicon wafer). The space between the semi- 
conductor device and the substrate is filled with a non- 
conductive resin to prevent silicon etchant from entering 
therein. Since the space is filled prior to thinning of the 
semiconductor device, the resin has to not include alkali 
metal, has to have a suitable contraction stress during 
curing to maintain sufficient contact of the bonding part 
of the bumps, and has to be able to withstand heat up 
to about 150° C during die-bonding and wire-bonding. 
[0004] However, conventional electron tubes and im- 
aging devices have the following problems due to the 
construction described above. 

[0005] In the electron tube described in Japanese pat- 
ent publication No. HEI-7-95434, the semiconductor de- 
vice is fixed to the stem by bonding metal pads to con- 
tacts. However, the metal pads have a tendency to slip 
off the contacts to lose a sufficient connection when the 
electron tube is assembled under a high-temperature 
environment. 

[0006] In the imaging device described in Japanese 
unexamined patent application publication No. HEI- 
6-29506, the semiconductor device is thinned with etch- 
ant after the semiconductor device is fixed to the sub- 
strate. Accordingly, the space between the semiconduc- 
tor device and the substrate is completely filled with res- 
in in orderto prevent any etchant from entering therein. 
Since the resin is attached directly on the electron inci- 
dence part of the semiconductor device, stress is gen- 
erated in the electron incidence part when the resin 
cures or hardens. The electron incidence part runs the 



risk of becoming deformed, resulting in poor images, or 
in some cases broken. 

[0007] In view of the foregoing, it is an object of the 
present invention to solve the above-described prob- 
5 lems and to provide an electron tube which is capable 
of avoiding poor connections that can occur during the 
assembly process, as well as deformation or damage to 
the semiconductor device that can also occur during this 
process. 

DISCLOSURE OF THE INVENTION 

[0008] These objects and others will be attained by 
an electron tube, comprising: a side tube; a faceplate 
provided at one end of the side tube and having a pho- 
tocathode that emits electrons in response to incident 
light; a stem provided at the other end of the side tube, 
the stem and the faceplate defining a vacuum region, 
the stem having a bump connection portion on its sur- 
face; and a semiconductor device fixed to the stem at 
its vacuum side, the semiconductor device having a 
front surface positioned on the stem side and a back 
surface positioned on the faceplate side, the semicon- 
ductor device including an electron incidence part, for 
receiving electrons emitted from the photocathode, and 
a periphery part provided at an outer periphery of the 
electron incidence part, the electron incidence part hav- 
ing a thin plate shape whose thickness is smaller than 
that of the periphery part, the periphery part having a 
bump which protrudes from thefront surface thereof, the 
bump being fixed to the bump connection portion, the 
bump forming a space between the front surface of the 
semiconductor device and the surface of the stem, a fill- 
ing material with insulation property being filled partially 
in the space at the periphery part, thereby partially clos- 
ing the space at the periphery part. 
[0009] Hence, the electron tube of the present inven- 
tion includes: a side tube; a faceplate provided at one 
end of the side tube and having a photocathode that 
emits electrons in response to incident light; a stem pro- 
vided at the other end of the side tube, the stem and the 
faceplate defining a vacuum region; and a semiconduc- 
tor device fixed to the evacuated side of the stem and 
having an electron incidence part for receiving electrons 
emitted from the photocathode. The semiconductor de- 
vice is configured as a back-illuminated type semicon- 
ductor device. That is, the semiconductor device has a 
front surface positioned on the stem side and a back 
surface positioned on the faceplate side. The semicon- 
ductor device has a plate-shaped electron incidence 
part that is formed thinner than the periphery part which 
is formed around the electron incidence part. A bump is 
formed to protrude from the front surface of the periph- 
ery part. The b ump is fixed to a bump connection portion 
provided on the surface of the stem. The bump forms a 
space between the front surface of the semiconductor 
device and the surface of the stem. The space at the 
periphery part is partially filled with a filling material with 
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insulating properties. Accordingly, the space at the pe- 
riphery part is partially closed with the filling material 
having insulating properties. 

[001 0] Accordingly, in the electron tube of the present 
invention , Insulating filling material is filled partially in the 5 
space between the periphery part of the semiconductor 
device and the stem, while the bump formed on the sem- 
iconductor device is connected to the bump connection 
portion provided on the surface of the stem. Hence, the 
filling material functions as a reinforcing member to pre- 10 
vent the bump from separating from the bump connec- 
tion portion even when the electron tube is assembled 
under a high-temperature environment. 
[001 1 ] The space defined at the periphery of the sem- 
iconductor device is filled with insulating filling material, 15 
while the space defined at the electron incidence part is 
not filled with the insulating filling material. Accordingly, 
there is no danger of the electron incidence part becom- 
ing deformed or damaged due to stress generated when 
the insulating filling material is hardened. 
[0012] Further, ventilation between the semiconduc- 
tor device and the stem is ensured because the space 
between the semiconductor device and stem is only par- 
tially closed by the filling material. If the entire circum- 
ference of the periphery part of the semiconductor de- 
vice were completely closed by the filling material, an 
air reservoir would be formed between the electron in- 
cidence part and the surface of the stem. During the 
process of assembling the electron tube in a vacuum, 
this air would expand and could cause damage to the 
electron incidence part which is formed as a thin plate 
on the back-illuminated semiconductor device. Contra- 
rily, the present invention enables air to flow between 
the semiconductor device and the stem, ensuring that 
air can be evacuated in the vacuum environment when 
the electron tube is assembled. 
[0013] Thus, according to the present invention, the 
bump protruding from the front surface of the periphery 
part of the semiconductor device is fixed to the bump 
connection portion which is provided on the surface of 
the stem. This bump forms the space between the front 
surface of the semiconductor device and the surface of 
the stem. The space along the periphery part of the sem- 
iconductor device is partially filled with a filling materia! 
with insulation properties. Accordingly, the space is 
closed only partially with the insulating filling material. 
As a result, it is possible to prevent poor bump connec- 
tion that can possibly arise when the electron tube is 
assembled and to prevent damage to the semiconduc- 
tor device that can occur during the same process. 
[001 4] The filling material with insulation property may 
preferably be filled in the space at the periphery part of 
the semiconductor device except for at least one posi- 
tion along the entire circumference of the periphery part, 
thereby allowing the space at the periphery part to be 
filled with the filling material with insulation property ex- 
cept for the at least one position. 
[001 5] For example, the filling material with insulation 



property may preferably be filled in the space at at least 
one position along the entire circumference of the pe- 
riphery part of the semiconductor device, with a venti- 
lating region being rormed in at least one position along 
the entire circumference of the periphery part of the 
semiconductor device to provide fluid communication 
between the space and the vacuum region. With this 
construction, it is possible to avoid, by the insulating fill- 
ing material, poor bump connection which can be 
caused when the electron tube is assembled, and to 
eliminate damage to the semiconductor device that can 
occur during the same process by ensuring ventilation 
through the ventilating region. 

[0016] The filling material may have an electrically in- 
sulating material. The filling material may have a melting 
characteristic, but when heated, the filling material may 
be hardened and contract at an appropriate contraction 
stress to adhere to a surrounding material. An insulating 
resin is preferable as the insulating filling material. How- 
ever, water glass or low-melting glass can be used. 
[0017] Additionally, the stem may preferably have a 
supporting substrate oh its surface, the supporting sub- 
strate being formed of the same silicon material as a 
base material of the semiconductor device, the bump 
connection portion being provided on the supporting 
substrate. With this configuration, the thermal expan- 
sion coefficient of the supporting substrate which has 
the bump connection portion can be made approximate- 
ly equal to that of the semiconductor device which has 
the bump. Therefore, the bump will not separate from 
the bump connection portion during the baking (heating) 
process in the electron tube manufacturing process, 
thereby maintaining a better connection state. 
[0018] The bump may preferably be made of material 
that includes gold as a primary component. When the 
bump is made of material whose primary component Is 
gold, the bump does not melt during the baking process 
in the manufacturing process. Further, because the in- 
sulating material, which is filled partially in the space be- 
tween the periphery part of the semiconductor device 
and the stem, serves as a reinforcing material, the insu- 
lating material can prevent breakage in the bump, 
whose main component is gold, during the baking proc- 
ess. 

[0019] The stem may have, at its surface, a channel 
for controlling the partial filling of the filling material with 
insulating property into the space at the periphery part. 
With this configuration, it is possible to allow an excess 
insulating filling material to flow into the channel when 
the insulating filling material is introduced from outside 
the periphery part into the space between the periphery 
part of the semiconductor device and the stem. There- 
fore, it is possible to prevent the insulating filling material 
from being attached to the electron incidence part of the 
semiconductor device, eliminating the possibility of the 
electron incidence part becoming damaged when the 
filling material cures or hardens. Accordingly, the filling 
of the insulating material can be attained appropriately 
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without precisely controlling the amount of the insulating 
filling material. Especially, when the space between the 
semiconductor device and the stem is extremely narrow, 
the capillary effect can be used to force the insulating 
filling material to flow into the space. The excess insu- 
lating filling material automatically flows into the chan- 
nel. Accordingly, control of the flow can be made easy 
and efficient. 

[0020] For example, the channel may preferably have 
a width that allows the channel to span across a border 
between the periphery part and the electron incidence 
part. When the channel, whose width has a value to al- 
low the channel to span across the border between the 
periphery part and the electron incident part, is formed 
on the surface of the stem, in order to fill the insulating 
filling material into the space between the periphery part 
of the semiconductor device and the stem, it is possible 
to introduce the filling material from outside the periph- 
ery part while letting the excess filling material to flow 
into the channel. It is therefore possible to easily prevent 
the filling material from attaching the electron incidence 
part. Especially when the space is extremely narrow, the 
capillary effect can be employed to draw the filling ma- 
terial into the space, making the process for introducing 
the filling material easy and efficient. When the width of 
the channel is set at a size to span across the border 
between the periphery part and the electron incidence 
part, several channels can be formed individually in cor- 
respondence with several regions to be filled with the 
filling material. 

[0021] The channel may preferably be formed at a re- 
gion that faces the periphery part only. When the chan- 
nel is formed on the surface of the stem to confront only 
the periphery part, in order to fill the insulating filling ma- 
terial in the space between the periphery part of the 
semiconductor device and the stem, it is possible to in- 
troduce the filling material into the space from outside 
the periphery part while allowing an excess filling mate- 
rial to flow into the channel. It is therefore possible to 
easily prevent the filling material from attaching the elec- 
tron incidence part. Especially when the space is ex- 
tremely narrow, the capillary effect can be employed to 
draw the filling material into the space, making the proc- 
ess for introducing the filling material easy and efficient. 
In addition, the initial objective can be attained simply 
by forming the channel to correspond only to the periph- 
ery part. 

[0022] The channel may preferably have a width that 
allows the channel to span across one side portion of 
the periphery part and the other opposing side portion 
of the periphery part. When the channel, whose width 
can allow the channel to span across one side portion 
of the periphery part and the other opposing side portion 
of the periphery part, is formed on the surface of the 
stem, in order to fill the insulating filling material in the 
space between the periphery part of the semiconductor 
device and the stem, it is possible to introduce the filling 
material into the space from outside the periphery part 



while allowing an excess filling material to flow into the 
channel. It is therefore possible to easily prevent the fill- 
ing materia! from attaching the electron incidence part. 
Especially when the space is extremely narrow, the cap- 

5 iiiary effect can be employed to draw the filling material 
into the space, making the process for introducing the 
filling material easy and efficient. In addition, when the 
width of the channel is set to span across one side por- 
tion of the periphery part and the other opposing side 

10 portion in this way, it is possible to form a channel that 
corresponds to the size and shape of the electron inci- 
dence part of the semiconductor device. 
[0023] The space formed by the bump may preferably 
have, at the periphery part, a height small enough to al- 

15 low the filling material with insulation property to gener- 
ate a capillary effect when the filling material is drawn 
into the periphery part, the channel having a depth of an 
amount that is capable of stopping the filling material 
that flows due to the capillary effect. With this construc- 

20 tion, when the filling material flowing according to the 
capillary effect reaches the edge of the channel, the fill- 
ing. material does not enter the channel but collects 
along the edge due to surface tension in the material. 
Therefore, the filling material can be easily drawn into 

25 the space and, at the same time, can be easily and ef- 
fectively prevented from attaching the electron inci- 
dence part of the semiconductor device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 " " ' ~ 

[0024] In the drawings: 

Fig. 1 is a cross-sectional view showing an electron 
tube according to a first embodiment of the present 

35 invention; 

Fig. 2 is an enlarged cross-sectional view showing 
a portion where the semiconductor device is bond- 
ed to the stem of the electron tube according to the 
first embodiment; 

*o Rg. 3 is plan and side views showing the semicon- 
ductor device used in the electron tube of the first 
embodiment; . 

Fig. 4 is a cross-sectional view showing the semi- 
conductor device used in the electron tube of the 

45 first embodiment; 

Fig. 5 is an enlarged view of aluminum wirings pro- 
. vided in the semiconductor device used in the elec- 
tron tube of the first embodiment; 
Fig. 6 is an enlarged perspective view showing a 

50 bonding pad and a bump used in the electron tube 
of the first embodiment; 

Fig. 7 is an enlarged cross-sectional view of an es- 
sential portion of Fig. 2, showing how a bump on 
the semiconductor device is bonded to a bump con- 
55 nection portion on the stem in the electron tube of 
the first embodiment; 

Fig. 8 is a plan view of a bonded portion of the sem- 
iconductor device, showing a channel provided on 
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the electron tube of the first embodiment; 

Fig. 9 is a cross-sectional view showing an electron 

tube according to a second embodiment; 

Fig. 1 0 is an enlarged cross-sectional view showing 

the portion where the semiconductor device is 5 

bonded to a supporting substrate of the electron 

tube according to the second embodiment; 

Fig. 1 1 is a plan view showing the portion where the 

semiconductor device is bonded to the supporting 

substrate with a channel according to the second 10 

embodiment; 

Fig. 1 2 is an enlarged cross -sectional view showing 
an essential portion of an electron tube according 
to a third embodiment; 

Fig. 13 is an enlarged cross-sectional view showing is 
the portion where the semiconductor device is 
bonded to the supporting substrate of the electron 
tube according to a modification of the embodi- 
ments; and 

Fig. 1 4 is a plan view showing the portion where the 20 
semiconductor device is bonded to the supporting 
substrate according to a modification of the electron 
tube of the embodiments. 

BEST MODE FOR CARRYING OUT THE INVENTION 25 

[0025] An electron tube according to preferred em- 
bodiments of the present invention will be described 
while referring to Figs. 1-12. 

[0026] First, an electron tube according to a first em- 30 
bodiment will be described with reference to Figs. 1 -8. 
[0027] Fig. 1 is a cross -sectional view showing an 
electron tube 1 according to the first embodiment of the 
present invention. The electron tube 1 is of a proximity 
focusing type in which a photocathode is positioned 35 
near to a semiconductor device. The electron tube 1 in- 
cludes a side tube 2 having two open ends 2a and 2b. 
A substantially disc-shaped faceplate 8 is bonded to the 
open end 2a. and a similarly substantially disc-shaped 
stem 11 is bonded to the open end 2b, to provide a 
sealed structure in which a vacuum region R is provided. 
A photocathode 9 is formed over the surface of the face- 
plate 8 on the vacuum region R side, while a semicon- 
ductor device (CCD device) 1 5 is fixed to the stem 1 1 
on the vacuum region R side, thereby achieving the 
functions of an electron tube. 

[0028] The side tube 2 has a cylindrical shape with an 
external diameter of approximately 43 mm, for example. 
The side tube 2 has a ring-shaped bulb 3 which is made 
of an electrically insulating material, such as ceramic. 
The bulb 3 includes a first bulb 3A, a second bulb 3B, 
and a flange portion 7. The flange portion 7 is made of 
Koval metal, and is interposed between the first and sec- 
ond bulbs 3A and 3B. The three parts are constructed 
integrally into the bulb 3 through brazing. An annular 
cathode electrode 5 is provided in the opening on the 
first bulb 3A side (the first open end 2a) , while an annular 
welding electrode 6 is provided in the opening on the 



second bulb 3B side (the second open end 2b). The 
cathode electrode 5 and the welding electrode 6 are 
brazed to the bulb 3 to form an integral unit. The cathode 
electrode 5 is in a gutter shape for collecting indium ma- 
terial 4. The indium material 4 serves as an adhesive 
agent for bonding the side tube 2 to the faceplate 8 and 
as a sealing member for creating the vacuum region R. 
The cathode electrode 5 can supply an electric voltage 
to be applied to the photocathode 9. 
[0029] The faceplate 8 made of Koval glass is dis- 
posed over the first open end 2a. The faceplate 8 has a 
protruded portion 8a at its center portion. The faceplate 
8 is fixed and sealed to the cathode electrode 5 via the 
indium material 4. A photocathode 9 is formed on the 
inner surface of the faceplate 8. The photocathode 9 is 
for emitting electrons into the vacuum region in re- 
sponse to incidence of light. A photocathode electrode 
1 0 is formed 0 n the faceplate 8 around the photocathode 
9. The photocathode electrode 10 is made of a chrome 
thin film, and is deposited onto the faceplate 8. The pho- 
tocathode electrode 10 electrically connects the photo- 
cathode 9 with the indium material 4. 
[0030] The faceplate 8 and the stem 1 1 , which is fixed 
over the second open end 2b of the side tube 2, define 
the vacuum region R. The stem 1 1 includes: a four-lay- 
ered base plate 12 formed of ceramic; and a metal 
flange 1 3 which is fixed to the base plate 1 2 by brazing. 
The back-illuminated type semiconductor device 15, 
having a silicon substrate as its base material, is fixed 
to a surface C (see Fig. 2) of a base plate 12a, which is 
the uppermost layer of the base plate 12. As shown in 
Fig. 1 , a plurality of stem pins 14 are fixed to a base 
plate 1 2d, which is the lowermost layer of the base plate 
12, for applying drive signals to the semiconductor de- 
vice 15 from an external device and for outputting sig- 
nals outputted from the semiconductor device 15 to an 
external device. Internal wirings or leads (not shown) 
are provided with in the base plate 1 2 for electrically con- 
necting the semiconductor device 15 with the stem pins 
14. The internal wirings transmit drive signals, applied 
to the stem pins 1 4, to the semiconductor device 15, and 
transmit signals, outputted from the semiconductor de- 
vice 15, to the stem pins 14. The side tube 2 and the 
stem 11 are formed as an integral unit by arc welding 
the metal flange 13 and the welding electrode 6 togeth- 
er. A getter G is fixed to the inner wali of the side tube 
2. The getter G is for absorbing residual gas in the elec- 
tron tube. This getter G is connected between the weld- 
ing electrode 6 and the flange portion 7. 
[0031] As shown in Figs. 1 and 2,. the semiconductor 
device 15 has an electron incidence part 15a at its cen- 
tral part. The semiconductor device 1 5 is disposed near 
the photocathode 9 at a distance of approximately 1 mil- 
limeter. Electrons emitted from the photocathode 9 fall 
incident on the electron incidence part 15a. The semi- 
conductor device 15 is configured as a back-illuminated 
type semiconductor device, and a front surface A (de- 
vice-formed surface) of the semiconductor device 1 5 is 



45 



50 



5 



9 



EP1 154 457 A1 



10 



positioned on the base plate 12 (stem 11) side, while a 
back surface B of the semiconductor device 15 is posi- 
tioned on the faceplate 8 side. The electron incidence 
part 1 5a is formed thinner than a rectangular periphery 
part 15b (see Figs. 3 and 8), which is provided around 
the electron incidence part 15a : in order to achieve the 
back-illuminated function of the semiconductor device 
15. A chemical etching process is employed to form the 
electron incidence part 15a into a thin plate of approxi- 
mately 20 il m thickness, while remaining the periphery 
part 15b. 

[0032] Fig. 2 is a cross-sectional view showing the 
portion where the semiconductor device 15 is bonded 
to the uppermost base plate layer 12a. As will be de- 
scribed later, a plurality of bumps 16 are provided via 
bonding pads 17 on the front surface A of the periphery 
part 15b. The bumps 16 serve as electrodes. A plurality 
of bump connection portions 1 9 are formed on the upper 
surface C of the base plate 1 2a at positions where the 
bump connection portions 19 can connect with the 
bumps 16. Thus, the semiconductor device 15 and the 
base plate 12a are mechanically and electrically con- 
nected via the bonding pads 1 7, the bumps 16, and the 
bump connection portions 19. A conductive resin. 18 
(see Fig. 7) is provided around each bump 1 6 to prevent 
electrical disconnections of the bump 1 6. The area sur- 
rounding the conductive resin 18 is filled with an insu- 
lating resin 20 to reinforce the connection between the 
semiconductor device 15 and the base plate 12a. 
[0033] The internal wirings (not shown) are provided 
inside the base plate 12. The internal wirings are for 
electrically connecting each bump connection portion 
19, which is connected to the corresponding bump 16, 
to the corresponding stem pin 14 (see Fig. 1). The po- 
sitions of the respective bump connection portions 19 
on the surface C of the base plate 12a are offset from 
the positions of the corresponding stem pins 1 4 on the 
base plate 12d. Accordingly, internal wirings (not 
shown) provided in the intermediate base plates 12b. 
and 12c, which serve as the second and third layers of 
the base plate 1 2, are connected with each other, while 
being offset at a prescribed pitch. With this construction, 
each bump connection portion 19 on the surface of the 
base plate 12a is connected appropriately to the corre- 
sponding stem pin 14. A drive signal applied to one stem 
pin 1 4 is properly guided to the corresponding bump 1 6 
via the corresponding bump connection portion 1 9. Sig- 
nals outputted from the semiconductor device 1 5 to one 
bump 1 6 are properly guided to the corresponding stem 
pin 14 via the corresponding bump connection portion 
19. 

[0034] Next, the structure of the semiconductor de- 
vice 15 will be described in greater detail. 
[0035] As shown in Fig. 3, a CCD is formed on the 
front surface A side of the semiconductor device 1 5. The 
semiconductor device 15 is formed into a thin plate by 
chemically etching the silicon substrate on the back sur- 
face B side of the semiconductor device 15 while re- 



maining the periphery part 15b. 
[0036] More specifically, an electron incidence part 
15A is formed in the center portion of the back surface 
B as shown in Fig. 3. A charge horizontal transfer portion 
5 60 and a charge vertical transfer portion 62 are formed 
on the front surface A. The charge horizontal transfer 
portion 60 and the charge vertical transfer portion 62 are 
for reading charge incident on the electron incidence 
part 15A and for transferring the charge to an external 

io circuit. In Fig. 3, 82 designates an FET portion, 86 des- 
ignates a conductive aluminum wire or lead, 96 desig- 
nates a connection portion connected to a substrate (64) 
of the CCD, 98 designates a reset gate terminal, 100 
designates a reset drain terminal, 102 designates an 

15 output drain terminal, and 1 04 designates an output 
source terminal. A description of these parts are omitted 
because the parts are individually well known in the art. 
[0037] Fig. 4 shows a cross-section of the semicon- 
ductor device 1 5 taken along the line X in Fig. 3. A sem- 

20 iconductor substrate 64, which is the base material mak- 
ing up the semiconductor device 15, is formed of a P- 
type or an N-type silicon . The central section of the sem- 
iconductor wafer 64 is formed thinnerthan the periphery 
part. An epitaxial layer 63 having a different impurity 

25 concentration than that of the semiconductor wafer 64 
is formed on the front surface A side of the semiconduc- 
tor wafer 64. The CCD of the semiconductor device 15 
is formed on the epitaxial layer 63 side. More specifical- 
ly a buried layer 66, which provides the opposite con- 

30 ductive property against the semiconductor substrate 
64, is formed on the epitaxial layer 63. Barrier regions 
68 having an impurity concentration different from that 
of the buried layer 66 are formed by introducing impuri- 
ties at prescribed positions in the buried layer 66. Stor- 

35 age electrode, layers 72, transfer electrode layers 74, 
and barrier electrode layers 76 are formed as partly 
overlapping with one another with an Si0 2 layer 70 in- 
terposing between the layers. 

[0038] On the front surface A side of the semiconduc- 

^o tor device 15, a PSG film 78 (leveling film) is formed over 
the entire front surface A of the semiconductor device 
15 to form a level surface on the semiconductor device 
1 5. The PSG film 78 (leveling film) is made of phospho- 
silicate glass (hereinafter referred to as PSG). Contact 

45 holes 84 are formed in the PSG layer 78 at positions 
above terminals, such as electrodes 80 of the charge 
horizontal transfer portion 60 and the charge vertical 
transfer portion 62 and the FET portions 82. These ter- 
minals are electrically connected to the alumjnum wires 

so 86 which are formed on the PSG layer 78 through the 
contact holes 84. An SiN film 106 (thin film) described 
later is formed over the top of the PSG layer 78. 
[0039] Fig. 5 schematically shows the configuration of 
the aluminum wires 86 and the contact holes 84 in the 

55 charge horizontal transfer portion 60. The aluminum 
wires 86 are formed to cover the contact holes 84, there- 
by establishing electrical connection between the termi- 
nals of the charge transfer portion and the aluminum 
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wires 86. Here, terminals refer to the locations at which 
the aluminum wires 86 passing through the contact 
holes 84 connect with portions of the charge horizontal 
transfer portion 60 and the charge vertical transfer por- 
tion 62. 

[0040] As shown in Fig. 3, the aluminum wires 86 
formed on the PSG layer 78 are electrically connected 
to the charge horizontal transfer portion 60, the charge 
vertical transfer portion 62, the substrate connection 
portion 96, the reset gate terminal 98, the reset drain 
terminal 100, the output drain terminal 102 : the output 
source terminal 104, and the like. The aluminum wires 
86 are provided with a plurality of bumps 1 6 (electrodes) 
at a plurality of locations on the periphery part 15b. The 
bumps 16 are connected to the bump connection por- 
tions 19 on the base plate 12a. More specifically, the 
rectangular peripheral part 15a has four side portions 
15b1 , 15b2, 15b3, and 15b4, and the aluminum wires 
86 have a plurality of end portions on two of the four side 
portions 15b1 , 15b2, 15b3, and 15b4, that is, on the two 
opposing side portions 1 5b2 and 1 5b4. As shown in Fig. 
6, at each end portion, the aluminum wire B6 has a bond- 
ing pad 1 7 which has a larger area than the aluminum 
wire 86. A bump protrusion 16 made of gold (Au) is 
formed by Au deposition on each bonding pad 1 7. 
[0041] The SiN film 106 is mainly made of SiN. As 
shown in Fig. 4, the SiN film 1 06 is formed over the entire 
front surface A on top of the PSG layer 78 and the alu- 
minum wires 86. As shown in Fig. 7, the SiN layer 1 06 
are partly removed at positions that correspond to the 
bonding pads 1 7 to expose the bonding pads 1 7 and the 
bumps 1 6. In this way, the exposed bumps 1 6 form elec- 
trodes for maintaining electrical connection with the 
bump connection portions 19 on the base plate 12a. 
[0042] With this construction, a plurality of aluminum 
wiring end portions (pads) 17 are formed on the front 
surface A in two opposing rows on the periphery part 
15b of the semiconductor device 15, as shown in Fig. 3. 
As shown in Fig. 7, the bump 16 having Au (gold) as its 
main or primary component protrudes from each bond- 
ing pad 17. This type of metal bump 1 6 does not melt 
even when it is applied with heat of approximately 300° 
C during the baking (heating) process in the electron 
tube manufacturing process. 

[0043] As shown in Fig. 7, a plurality of Au (gold) bump 
connection portions 1 9 are formed on the surface C of 
the base plate 12a in the stem 11 . The plurality of Au 
(gold) bump connection portions 1 9 serve as part of the 
wirings to the stem pins 14. The semiconductor device 
1 5 is positioned facing the base plate 1 2a such that each 
bump 16 opposes the corresponding bump connection 
portion 19. A conductive resin 18 (such as a polymer 
adhesive) of paste form is applied around each bump 
16. This conductive resin 18 alleviates stress deforma- 
tion which is caused by difference in thermal expansion 
coefficients that results from the difference in material 
of the semiconductor device 15 and of the stem 11, 
thereby preventing breaks or disconnections of the 



bump 16 during the baking process. With this construc- 
tion, the bump 16 is electrically and mechanically con- 
nected with the bump connection portion 1 9 via the con- 
ductive resin 18. 

5 [0044] By fixing the bumps 1 6 to the bump connection 
portions 19 as described above, a space or gap S ap- 
proximately corresponding to the height of the bumps 
16 is formed between the front surface A of the semi- 
conductor device 1 5 and the surface C of the base plate 

10 12 as shown in Fig. 7. This space S is filled, at the pe- 
riphery part 15b of the semiconductor device 15, with 
the insulating resin 20, such as a polymer adhesive, in 
the paste form. The insulating resin 20 is an adhesive 
agent used in microelectronics and has an adhesive tol- 

15 erance of 400° C or lower. After the space S in the pe- 
riphery part 1 5b is filled with the insulating resin 20, the 
insulating resin 20 is cured or hardened. The insulating 
resin 20 functions as a reinforcing member when the 
electron tube 1 is assembled in a high-temperature en- 

20 vironment (approximately 300° C). The insulating resin 
20 firmly fixes the semiconductor device 1 5 to the stem 
11, preventing the bumps 16 from separating from the 
bump connection portions 1 9. Since the insulating resin 
20 does not enter the electron incidence part 15a, the 

25 electron incidence part 1 5a is not deformed or damaged 
by stress which is generated when the insulating resin 
20 is cured. 

[0045] Fig. 8 shows the portion where the semicon- 
ductor device 15 is bonded to the base plate 12a in the 
30 manner described above. The plurality of bumps 16, 
which are mainly made of gold, are formed on the front 
surface A in two opposing rows at the rectangular pe- 
riphery part 15b of the semiconductor device .15. The 
insulating resin 20 is provided to each row of bumps 16. 
35 More specifically, each of the opposing two side portions 
15b2 and 15b4, in the four side portions 15b1, 15b2, 
15b3 : and 15b4 of the periphery part 15b, encloses the 
corresponding row of bumps 1 6. The insulating resin 20 
is filled in the space S of the periphery part 15b at a 
40 position around each bump 16 in each of the side por- 
tions 15b2 and 15b4. The insulating resin 20 is not pro- 
vided on the other side portions 15b1 and 15b3, which 
contain no bumps 1 6. As a result, the space S is partially 
closed by the insulating resin 20 without closing the en- 
45 tire circumference of tha periphery part 1 5b. 

[0046] By partially closing the space .S with the insu- 
lating resin 20 in this way, a ventilating region 22 not 
filled with insulating resin 20 is formed in the space S 
along the circumference of the periphery part 15b, al- 
so lowing the passage of air between the semiconductor 
device 15 and the stem 11 . More specifically, the venti- 
lating region 22 is formed on the two side portions 1 5b1 
and 15b3 that have no bumps 16. Accordingly, the 
space S between the electron incidence part 15a of the 
55 semiconductor device 1 5 and the stem 11 is in fluid com- 
munication with the vacuum region R inside the electron 
tube 1. 

[0047] If the entire circumference of the periphery part 
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15b were filled in completely by the insulating resin 20, 
an air reservoir would be formed between the electron 
incidence part 15a disposed in the center of the semi- 
conductor device 15 and the surface C of the baseplate 
1 2. Since the air in this air reservoir would expand when 
the stem 11 is placed in a vacuum during the assembly 
process, there is a risk that the thin electron incidence 
part 15a may become damaged. Therefore, the con- 
struction of the present embodiment enables air to pass 
between the semiconductor device 15 and the stem 11 , 
allowing air to be evacuated from this region when the 
electron tube 1 is assembled in a transfer device. Fur- 
ther, evacuation can be conducted smoothly because 
two ventilating regions 22 are formed opposite each oth- 
er on either side of the space S formed between the 
electron incidence part 15a and the stem 11 . 
[0048] As shown in Figs. 1 , 2, and 8, a rectangular 
channel or groove 21 is formed on the surface C of the 
base plate 12a opposing the electron incidence part 
15a. The channel 21 functions to control filling of the 
insulating resin 20. The channel 21 is formed to have: 
a width W that spans across one side portion (side por- 
tion 15b2 that contains a row of bumps 16) of the pe- 
riphery part 1 5b and the opposing side portion (side por- 
tion 15b4 that contains the other row of bumps 16) of 
the periphery part 15b, and a length L that extends be- 
yond the outer edges of both of the other opposing side 
portions (side portions 15b1 and 15b3 that contain no 
rows of bumps 16) of the periphery part 15b. Here, the 
width W of the channel 21 is greater than a width w of 
the electron incidence part 15a (W > w), while the length 
L of the channel 21 is longer than the length L1 5 of the 
semiconductor device 15 (L > L15). The rectangular 
channel 21 therefore surrounds the entire region of the 
electron incidence part 15a. While the insulating resin 

20 is supplied from outside the periphery part 15b to fill 
the space S between the periphery part 1 5b and the 
base plajte 12, any excess insulating resin 20 can flow 
into the rectangular channel 21 that has the structure 
described above, thereby reliably avoiding the insulat- 
ing resin 20 from becoming attached to the electron in- 
cidence part 15a. Therefore, the filling of the insulating 
resin 20 can be appropriately attained, even when the 
setting of the amount of filler and the filling operation is 
not conducted with high precision. 

[0049] By setting the height of the space S to about 
50 m, an extremely narrow dimension, the insulating 
resin 20 will flow into the space S due to its capillary 
effect. In this way, it becomes easy and efficient to draw 
the insulating resin 20 into the space S. In this case, it 
is desirable to set the depth of the rectangular channel 

21 to about 0.5 mm in order to block or stop the insulat- 
ing resin 20 that flows by the capillary effect. When the 
insulating resin 20 flowing through the space S by the 
capillary effect reaches the rectangular channel 21 , the 
surface tension' of the resin material causes the material 
to collect along the edge of the rectangular channel 21 
rather than entering into the rectangular channel 21 . Ac- 



cordingly, the insulating resin 20 can be reliably prevent- 
ed from being attached on the electron incidence part 
15a. Hence, the process of filling the insulating resin 20 
can be performed easily and appropriately. 

5 [0050] The rectangular channel 21 also has a length 
L so that the rectangular channel 21 can extend beyond 
the outer edges of the opposing side portions, which 
have no bumps 16, of the periphery part 15b, thereby 
providing openings 21a in the rectangular channel 21 . 

10 When assembling the electron tube 1 inside a transfer 
device, therefore, air in the rectangular channel 21 es- 
capes not only in the lateral direction via the narrow 
space S, but also in the upward direction through the 
openings 21a, achieving superb airflow. By forming the 

15 rectangular channel 21 at a size large enough to encircle 
the electron incidence part 15a, it is possible to reliably 
prevent insulating resin 20 from becoming attached on 
the electron incidence part 15a. 
[0051] Next, a brief description will be given for the 

20 assembly procedure of the electron tube 1 . 

[0052] First, a semiconductor device 15 having the 
construction shown in Fig. 3 is positioned on the base 
plate 12 of the stem 11 . The bumps 1 6 and the bump 
connection portions 1 9 are pressed together with an in- 

25 terposed conductive resin 18, and are heated at about 
150 ° C. The bumps 16 and the bump connection por- 
tions 1 9 are connected together when the solvent in the 
conductive resin 18 is volatilized. 
[0053] Next, the space S between the periphery part 

30 1 5b and the stem 1 1 is selectively filled with a paste- 
. shaped insulating resin 20. When introducing the insu- 
lating resin 20 toward the bumps 16 from outside the 
periphery part 15b, the capillary effect draws the insu- 
lating resin 20 into the space S. At this time, the insulat- 

35 ing resin 20 is blocked by the rectangular channel 21 
and does not become attached on the electron inci- 
dence part 15a. If the space between the electron inci- 
dence part 15a and the base plate 12 were filled with 
insulating resin 20, the stress generated when the insu- 

40 lating resin 20 hardens would deform the electron inci- 
dence part 15a, making it impossible to achieve quality 
images with the semiconductor device 15. The present 
embodiment avoids this problem by reliably preventing 
the insulating resin 20 from becoming attached on the 

15 electron incidence part 1 5a. After fixing the semiconduc- 
tor device 1 5 to the stem 1 1 in this way, the side tube 2 
and the stem 11 are integrated into one piece by arc- 
welding the metal flange 1 3 of the stem 1 1 to the welding 
electrode 6 of the side tube 2. 

50 [0054] As described above, according to the electron 
tube 1 of the present invention, there is no need to thin 
the semiconductor device by etching or the like after the 
semiconductor device 15 is fixed to the stem 11. It is 
sufficient to merely fix the completed semiconductor de- 

55 vice 15 to the stem 11 . The semiconductor device 15, 
the stem 11, and the like needed to manufacture the 
electron tube 1 may be mass-produced in advance. The 
electron tube 1 is then assembled by fixing these parts 
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according to the above-described method, thereby fa- 
cilitating mass-production of the electron tube 1 . 
[0055] Subsequently, the side tube 2 fixed with the 
stem 1 1 , and the faceplate 8, onto which the photocath- 
ode electrode 1 0 of a chrome thin film is deposited, are 5 
introduced into the transfer device. The inside of the 
transfer device is brought into a vacuum state . The com- 
ponents are assembled together into the electron tube 
1 in the vacuum state inside the transfer device. At this 
time, the space S between the semiconductor device 15 10 
and the stem 1 1 is only partially closed by the insulating 
resin 20, preserving ventilation therebetween. That is, 
the space S between the semiconductor device 15 and 
the stem 11 is in fluid communication with the inside of 
the transfer device via the ventilating regions 22 and the 15 
openings 21 a. Therefore, when evacuating the transfer 
device, air in the space S is properly discharged without 
forming an air reservoir between the electron incidence 
part 15a and the surface C of the base plate 12. 
[0056] Next, the inside of the transfer device is heated 20 
(baked) to approximately 300 0 C, and the photocathode 
9 composed mainly of K, Cs, and Na is formed on the 
faceplate 8. Even if gas is emitted during this baking 
process from the insulating resin 20 into the space S 
between the semiconductor device 15 and stem 11, 
such gas is not trapped inside the space S, but is dis- 
charged via the ventilating regions 22 and the openings 
21a. 

[0057] Subsequently, the faceplate 8 is fixed and 
sealed to the cathode electrode 5 via the indium material 
4. As a result, the stem 1 1 , the side tube 2, and the face- 
plate 8 form the vacuum region R inside the electron 
tube 1 . Next, the getter G is activated by supplying elec- 
tricity through the welding electrode 6 and the flange 
portion 7. As a result, the getter G absorbs residual gas 
in the electron tube 1 . If gas remains in the space S be- 
tween the semiconductor device 15 and the stem 11, 
this gas is not trapped in the space S, but is discharged 
into the vacuum region R via the ventilating regions 22 
and the openings 21a, enabling the getter G to absorb 
the gas reliably. Lastly, by removing the electron tube 1 
from the transfer device, the procedure for assembling 
an electron tube 1 , whose inside is in the vacuum state, 
is completed. 

[0058] Next, the operations of the electron tube 1 , pro- 
duced as described above, will be described briefly. 
[0059] A voltage of - 8 k V is applied to the photocath- 
ode 9. An electron incidence surface 15A (see Figs. 2 
and 4) of the electron incidence part 15a, which is posi- 
tioned on the back surface B of the semiconductor de- 
vice 15, is set to a ground potential. Electrons are emit- 
ted from the photocathode 9 when light from outside falls 
incident on the photocathode 9. The electrons are ac- 
celerated by the electric field in the electron tube 1 and 
are bombarded into the electron incidence surface 15A. 
Numerous electron-hole pairs are formed when the ac- 
celerated electrons lose energy in the silicon substrate 
of the semiconductor device 15, yielding a gain of ap- 



proximately 2,000 times at - 8 kV. A high quality image 
can be obtained on a monitor by electrically outputting 
these multiplied electrons from the semiconductor de- 
vice 15 via the stem pins 14 to the outside monitor. 
[0060] Since the electron tube 1 of the present em- 
bodiment can achieve a high gain, as described above, 
the signal level of the image is sufficiently higher than 
the noise component of the CCD element 15. Such a 
high S/N ratio makes it possible to perform single photon 
imaging. Compared to conventional electron tubes with 
a built-in microchannel plate (MCP), the electron tube 1 
of the present embodiment improves the open area ratio 
determining efficiency, reduces irregularity in the fluo- 
rescent screen, and prevents conversion loss in a fiber- 
coupled fiber optical plate (FOP). 
[0061] It is noted that when producing normal electron 
tubes, alkali metals such as Na, K, and Cs are intro- 
duced into the electron tubes in order to form the pho- 
tocathode. There is a risk that the alkali metals will pos- 
sibly enter the charge transfer section of the semicon- 
ductor device 15. If the alkali metals reach the Si0 2 gate 
film, the alkali metals increase the fixed charges and the 
interface state of that portion, remarkably degrading the 
properties of the semiconductor device 15. However, 
the electron tube 1 of the present embodiment prevents 
alkali metals, introduced into the tube, from entering the 
device by forming the SiN layer 106 on the entire part 
of the top surface of the semiconductor device 15. Ac- 
cordingly, the properties of the semiconductor device 1 5 
are not degraded by preventing alkali metal from reach- 
ing the Si0 2 layer 70, thereby achieving a highly sensi- 
tive electron tube. 

[0062] In the electron tube 1 of the first embodiment 
described above, the space S formed between the pe- 
riphery part 15b and the stem 11 is partially filled with 
insulating resin 20. Therefore, the insulating resin 20 
functions as a reinforcing memberto prevent the bumps 
16 from separating from the bump connection portions 
1 9 even when the electron tube 1 is assembled in a high- 
temperature environment. Further, since the insulating 
resin 20 is not introduced in the electron incidence part 
15a, the electron incidence part 15a is not deformed or 
damaged due to stress generated when the insulating 
resin 20 is hardened. 

[0063] Ventilation is maintained between the semi- 
conductor device 15 and the stem 11 since the insulating 
resin 20 only partially closes the space between the pe- 
riphery part 1 5b and the stem 1 1 . Accordingly, an air res- 
ervoir is not formed between the electron incidence part 
15a positioned at the center of the semiconductor de- 
vice 1 5 and the surface C of the stem 1 1 . thereby avoid- 
ing damage to the electron incidence part 15a that can 
be caused by air expanding under high temperatures. 
In addition, if gas is emitted from the resin during the 
high-temperature process to form the photocathode 9, 
such gas does not become trapped or expand in the 
space between the semiconductor device 15 and the 
stem 11, thereby avoiding damage to the electron inci- 
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dence part 15a. 

[0064] Next, an electron tube according to a second 
embodiment of the present invention will be described 
with reference to Figs. 9 - 11 . 

[0065] Fig. 9 is a cross-sectional view of an electron 5 
tube 30 according to the second embodiment. The elec- 
tron tube 30 is a proximity focusing type electron tube 
with a photocathode being positioned near to a semi- 
conductor device. Like parts and components with the 
electron tube 1 of the first embodiment are given the 
same reference numerals to avoid duplicate description. 
[0066] Next, the differences between the electron 
tube 30 of the second embodiment and the electron tube 
1 of the first embodiment will be described with refer- 
ence to Figs. 9 and 10. 

[0067] A supporting substrate 31 is fixed to the top 
surface of the base plate 12a by an adhesive 32. The 
supporting substrate 31 is composed of silicon material 
which is the same as the base material (silicon sub- 
strate) of the semiconductor device 15. The supporting 
substrate 31 forms a portion of a stem 33. A plurality of 
bump connection portions 34 are arranged in two op- 
posing rows on the surface C of the supporting substrate 
31 in the stem 33. The bump connection portions 34 are 
formed by depositing Au. A plurality of bumps 16 are 
formed in two opposing rows on the front surface A of 
the semiconductor device 1 5, in the same manner as in 
the first embodiment. Each bump 16 is connected to a 
corresponding bump connection portion 34. Since the 
supporting substrate 31 is formed of the same silicon 
material as the semiconductor device 15, the thermal 
expansion coefficients of the two components are equal 
to each other. Therefore, stress deformation caused by 
heat during the baking step of the manufacturing proc- 
ess does not occur, preventing disconnection of the 
bumps 16. As a result, it is possible to satisfactorily 
maintain the connection between the bumps 1 6 and the 
bump connection portions 34 even without applying the 
conductive resin 18 to the bumps 16. 
[0068] Even with this construction, however, the 
bonding strength of the gold bumps 1 6 decreases as the 
temperature rises, making it necessary to reinforce the 
bumps 16 with the insulating resin 20. Therefore, as 
shown in Figs. 10 and 11, the space S at the side por- 
tions 15b2 and 15b4 in the periphery part 15b is filled 
with insulating resin 20 so that the insulating resin 20 
will encompass each bump 16 in the same manner as 
in the first embodiment. Also, the side portions 15b1 and 
15b3 that have no bumps 1 6 are not filled with the insu- 
lating resin 20. Hence, this construction forms the ven- 
tilating regions 22, enabling the space S between the 
electron incidence part 1 5a and the stem 33 to be in fluid 
communication with the vacuum region R in the electron 
tube 1, 

[0069] A channel or groove 35 is formed on the sur- 
face C of the supporting substrate 31 in correspondence 
with each row of bumps 16. Similarly to the channel 21 
of the first embodiment, the channel 35 is provided to 



control the filling of the insulating resin 20. Here : each 
channel 35 has a width W1 that spans across the border 
between the corresponding periphery part 15b and the 
electron incidence part 15a } and a length L1 that corre- 
sponds to the row of bumps 16. Hence, each channel 
35 surrounds the border portion 150 between the corre- 
sponding side portion 1 5b2 or 1 5b4 of the periphery part 
15b and the electron incidence part 15a. The channels 
35 are formed by a chemical etching process using KOH 
solution. The channels 35 thus formed on the surface C 
of the supporting substrate 31 provide an outlet into 
which excess insulating resin 20 can flow, preventing 
insulating resin 20 from becoming attached on the elec- 
tron incidence part 15a. Therefore, the space S can be 
appropriately f illed, even when the setting of the amount 
of insulating resin 20 and the filling operation is not con- 
ducted with high precision. 

[0070] By setting the height of the space S to about 
50 u. m, an extremely narrow dimension, the insulating 
resin 20 can be drawn into the space S by the capillary 
effect. In this way, it is easy and efficient to cause insu- 
lating resin 20 to flow into the space S. In this case, it is 
desirable to set the depth of the channel 35 to about 0.1 
mm in order to block the insulating resin 20 that flows 
by the capillary effect. With this construction, when the 
insulating resin 20 drawn through the space S by the 
capillary effect reaches the channel 35, the insulating 
resin 20 collects along the edge of the channel 35 due 
to surface tension, rather than entering the channel 35. 
Accordingly, the insulating resin 20 can be easily and 
reliably prevented from attaching the electron incidence 
part 1 5a. Hence, the process of filling the insulating resin 
20 can be performed easily and appropriately. . 
[0071] As shown in Fig. 11 , aluminum (A!) wirings 36 
are provided on the supporting substrate 31 to extend 
laterally from the respective bump connection portions 
34. Stem terminals 37 are provided on the base plate 
12a in correspondence with the respective aluminum 
wirings 36. The stem terminals 37 are electrically con- 
nected to the respective stem pins 14. Further, the ter- 
minal of each aluminum wiring 36 is wire-toonded to the 
corresponding stem terminal 37 by an aluminum wire 
38. 

[0072] As shown in Fig. 9, shield electrodes 40 are 
provided to cover the aluminum wires 38. The base end 
of each shield electrode 40 is resistance welded to the 
metal flange 1 3 to increase a withstand voltage between 
the photocathode 9 and the semiconductor device 15. 
By covering the aluminum wires 38 with the shield elec- 
trodes 40, it is possible to bring the photocathode 9 in 
close to the semiconductor device 15. This allows the 
accelerating voltage to be increased, improving the res- 
olution of images that can be obtained by the semicon- 
ductor device 15, and further improving the gain of the 
semiconductor device 15. 

[0073] Next, an electron tube according to a third em- 
bodiment of the present invention will be described with 
reference to Fig. 12. 
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[0074] Fig. 12 is a cross-sectional view showing an 
electron tube 50 according to the third embodiment. 
Parts and components similar to those of the electron 
tube 30 in the second embodiment are given the same 
reference numerals to avoid duplicate description. 
[0075] The differences between the electron tube 50 
of the third embodiment and the electron tube 30 of the 
second embodiment will be described with reference to 
Fig. 12. 

[0076] In correspondence with each row of bumps 1 6, 
a channel or groove 51 is formed on the surface C of 
the supporting substrate 31 which forms a portion of the 
stem 33. Similarly to the channel 21 of the first embod- 
iment and the channel 35 of the second embodiment, 
the channel 51 facilitates the operation for filling the in- 
sulating resin 20. In the present embodiment, the chan- 
nel 51 is formed at a position opposing only the periph- 
ery part 15b. Each channel 51 has: a length L1 which 
corresponds to the corresponding row of bumps 1 6 f and 
a width W2 which is smaller than the width w' of the pe- 
riphery part 15b (W2 < w'). By forming such a linear 
channel 51 , any excess insulating resin 20 can flow into 
the channel 51, thereby reliably preventing insulating 
resin 20 from becoming attached on the electron inci- 
dence part 15a. Therefore, the space S can be appro- 
priately filled with the insulating resin 20 through simple 
control of the resin amount. 

[0077] By setting the height of the space S to about 
50 \i m, an extremely narrow dimension, the insulating 
resin 20 can be drawn into the space S by the capillary 
effect. In this way, the insulating resin 20 can be effi- 
ciently introduced into the space S. If the depth of the 
channel 35 is set to about 0.1 mm in order to block the 
insulating resin 20 that flows by the capillary effect, the 
flow of the insulating resin 20 can be controlled more 
efficiently and more reliably. 

[0078] The electron tube according to the present in- 
vention is not limited to the above-described embodi- 
ments, but many modifications and variations may be 
made thereto. 

[0079] For example, in the above embodiments, the 
channel 21 , the channel 35, or the channel 51 is formed 
in the uppermost base plate 12a or the supporting sub- 
strate 31 . However, it is not necessary to form such a 
channel as shown in an example of Fig. 1 3. Even without 
a channel, it is possible to introduce the insulating resin 
20 appropriately while preventing the insulating resin 20 
from contacting the electron incidence part 15a, by con- 
trolling the amount of insulating resin 20 and the filling 
operation with precision. 

[0080] Further, a ventilating region 22 may be formed 
in at least one portion of the periphery part 1 5b by leav- 
ing at least one portion of the space S on the entire cir- 
cumference of the periphery part 15b unfilled. In other 
words, it is only necessary to form at least one ventilat- 
ing region 22. One ventilating region 22 is sufficient to 
achieve fluid communication between the space S, 
formed between the semiconductor device 1 5 and stem 



11 or stem 33 : and the vacuum region R. However, 
smoother ventilation can be achieved by forming a plu- 
rality of ventilating regions 22 in the space S, as de- 
scribed in the above embodiments, and particularly by 

5 forming the ventilating regions 22 so that they oppose 
with one another with the space S between the electron 
incident part 15a and the stem 11 or 33 being sand- 
wiched between the opposing ventilating regions 22. 
[0081] In the embodiments described above, the in- 
fo sulating resin 20 is filled in the space S of the periphery 
part 15b at positions around the bumps 16. However, 
the insulating resin 20 may be filled at portions not 
around the bumps 16. Even when insulating resin 20 is 
applied at positions not surrounding the bumps 16, it is 

15 possible to adhesively fix the semiconductor device 1 5 
to the stem 11 or stem 33, thereby reinforcing the bumps 
16 indirectly by maintaining the space S. 
[0082] For example, the space S can be filled with in- 
sulating resin 20 only at positions corresponding to the 

20 four corners of the periphery part 15b. Or, as shown in 
Fig. 14, the space S may be filled with insulating resin 
20 only at positions corresponding to the four corners of 
the periphery part 15b and positions corresponding to 
the approximate center of the four side portions 15b1 - 

25 I5b4. Also in this case, it is not necessary to form chan- 
nels similarly to as shown in Fig. 13. 
[0083] Further, while an insulating resin is used in the 
above embodiments as the filling material, any filling 
material with insulating properties can be used. In other 

30 words, any material that is normally in a solution state 
or a paste-state and that has insulating properties can 
be used, if it cures or hardens under heat, if it shrinks 
according to an appropriate contraction stress during 
curing, and if it adheres to surrounding components 

35 when contracting. By adhering to both of the semicon- 
ductor device 15 and the stem 11 or stem 33 and con- 
tracting, the filler material can adhesively fix both of the 
semiconductor device 1 5 and the stem 11 or 33 and can 
achieve reliable contact and good electrical connection 

40 between the bumps 16 and the bump connection por- 
tions 1 9. Examples of such material include water glass 
and low-melting glass. 

[0084] Although a SiN film 1 06 is formed on the sem- 
iconductor device 15 in the embodiments described 
45 above, this layer is not necessary. 

[0085] The electron tube of the present invention is 
not limited to a proximity focusing type electron tube, but 
can also be an electrostatically-focusing type electron 
tube. 

50 

INDUSTRIAL APPLICABILITY 

[0086] The electron tube according to the present in- 
vention can be used in a wide range of imaging devices 
55 designed for low light intensity region, such as surveil- 
lance cameras and night vision cameras. 
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Claims 



An electron tube, comprising: 

a side tube; 5 
a faceplate provided atone end of the side tube 
and having a photocathode that emits electrons 
in response to incident light; 
a stem provided at the other end of the side 
tube, the stem and the faceplate defining a vac- io 
uum region, the stem having a bump connec- 
tion portion on its surface; and 
a semiconductor device fixed to the stem at its 
vacuum side, the semiconductor device having 
a front surface positioned on the stem side and *5 
abacksurface positioned on the faceplate side, 
the semiconductor device including an electron 
incidence part, for receiving electrons emitted 
from the photocathode, and a periphery part 
provided at an outer periphery of the electron 20 
incidence part, the electron incidence part hav- 
ing a thin plate shape whose thickness is small- 
er than that of the periphery part, the periphery 
part having a bump which protrudes from the 
front surface thereof, the bump being fixed to 25 
the bump connection portion, the bump forming 
a space between the front surface of the sem- 
iconductor device and the surface of the stem, 
a filling material with insulation property being 
filled partially in the space at the periphery part, 30 
thereby partially closing the space at the pe- 
riphery part. 

An electron tube as claimed in claim 1 , wherein the 
filling material with insulation property is filled in the 35 
space at the periphery part of the semiconductor 
device except for at least one position along the en- 
tire circumference of the periphery part, thereby al- 
lowing the space at the periphery part to be filled 
with the filling material with insulation property ex- 40 
cept for the at least one position. 

An electron tube as claimed in claim 2, wherein the 
filling material with insulation property is filled in the 
space at at least one position along the entire cir- 45 
cumference of the periphery part of the semicon- 
ductor device, with a ventilating region being 
formed in at least one position along the entire cir- 
cumference of the periphery part of the semicon- 
ductor device to provide fluid communication be- so 
tween the space and the vacuum region. 



on its surface, the supporting substrate being 
formed of the same silicon material as a base ma- 
terial of the semiconductor device, the bump con- 
nection portion being provided on the supporting 
substrate. 

6. An electron tube as claimed in either one of claims 
1 - 5, wherein the bump is made of material that 
includes gold as a primary component. 

7. An electron tube as claimed in either one of claims 
1 - 6, wherein the stem has, at its surface, a channel 
for controlling the partial filling of the filling material 
with insulating property into the space at the periph- 
ery part. 

8. An electron tube as claimed in claim 7, wherein the 
channel has a width that allows the channel to span 
across a border between the periphery part and the 
electron incidence part. 

9. An electron tube as claimed in claim 7, wherein the 
channel is formed at a region that faces the periph- 
ery part only. 

10. An electron tube as claimed in claim 7, wherein the 
channel has a width that allows the chan nel to span 
across one side portion of the periphery part and 
the other opposing side portion of the periphery 
part. 

11. An electron tube as claimed in either one of claims 
7-10, wherein the space formed by the bump has, 
at the periphery part, a height small enough to allow 
the filling material with insulation property to gener- 
ate a capillary effect when the filling material is 
drawn into the periphery part, the channel having a 
depth of an amount that is capable of stopping the 
filling material that flows due to the capillary effect. 



Ah electron tube as claimed in either one of claims 
1 -.3. wherein the filling material with insulating 
property includes insulating resin. 



55 



5. An electron tube as claimed in either one of claims 
1 - 4, wherein the stem has a supporting substrate 
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FIG. 6 
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FIG. 8 
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